Objective: The authors aimed to evaluate the incidence, risk factors, and outcomes of gastrointestinal (GI) complications in cardiac and aortic surgery using recent versions of the National (Nationwide) Inpatient Sample (NIS) to provide clinicians with a better understanding of these uncommon but potentially serious complications. Design: Population-based study. Setting: NIS database 2010-2012. Participants: Patients undergoing cardiac and aortic aneurysm repair surgeries. Interventions: Not applicable. Measurements and Main Results: The most common GI complication was postoperative ileus, which also had the lowest mortality, followed by GI hemorrhage. Mesenteric ischemia demonstrated the highest mortality, followed by intestinal perforation. Mortality was highest in those with infective endocarditis (16.02%), followed by myocardial infarction (12.48%). GI complications were highest in patients undergoing repair of abdominal aortic aneurysm, followed by off-pump coronary artery bypass grafting.
and hepatic failure. [3] [4] [5] [6] [7] [8] [9] [10] [11] However, the only large populationbased study to the authors' knowledge that has examined the National (Nationwide) Inpatient Sample (NIS) database 1998 through 2002 reported the incidence of GI complications in patients who underwent coronary artery bypass grafting (CABG) as 4.1%, which was much higher than the incidence of 0.6% to 2.4% reported in previous studies. 12 However, other cardiac surgeries in addition to CABG were not included in that study. A more recent retrospective database study in Australia aimed to identify risk factors and outcomes in cardiac surgery patients who developed GI complications and found that the incidence of GI complications was 1.1%, with an overall 30-day mortality of 33%. 2 However, to the authors' knowledge, there is a gap in the literature assessing the overall incidence and in-hospital mortality of this potentially serious complication using nationally representative data over recent years.
GI complications after cardiac surgeries pose a significant healthcare burden because they are associated with higher morbidity and prolonged intensive care unit and hospital length of stay (LOS). Identifying predictive factors and other associated complications may help in the prevention and early diagnosis of these complications, thus improving patient outcomes in this vulnerable population and increasing healthcare value. The authors aimed to reevaluate GI complications in cardiac and aortic aneurysm surgeries using a more recent version of the NIS not only to determine the incidence and mortality but also to delineate associated risk factors and avoidable complications. This may provide clinicians with a better understanding of this complication.
Methods
The NIS database for 2010 through 2012 was used. The NIS is the largest all-payer inpatient care database in the United States. It contains unidentified data for more than 7 million hospital stays. The Healthcare Cost and Utilization Project maintains the NIS in partnership and sponsorship by the Agency for Healthcare Research and Quality. 13 The NIS was queried to identify patients who underwent cardiac surgery using International Classification of Diseases, Ninth Revision (ICD-9-CM), procedure codes for CABG (36.10-36.16); valvular repair (35.10-35.14, 35.20-35.28); and abdominal aortic repair (38.34, 38.44, 38.64, 39.52). Use of bypass pump was identified (39.61, 39.66). Related GI complications were identified using ICD-9 diagnosis codes for postoperative ileus (560.1); colon obstruction (560.2, 560.8-9); GI hemorrhage (578.9); mesenteric ischemia (557.9); intestinal perforation (569.83, 863.9); pancreatitis (577); and acute cholecystitis (575).
Patient age, sex, race, and admission type (elective v emergency) were examined. Other accompanying diagnoses were assessed with the ICD-9 diagnosis codes for diabetes (250); hypertension (401); hypercholesterolemia (272); peripheral vascular disease (443.9); obesity (278); chronic lung disease (490-2, 494, 496, 770.7); infective endocarditis (421.0-1); myocardial infarction (410); heart failure (428.22); arrhythmia (427); anticoagulation (V58.61); current smoker (V15.82); current steroid use (V58.65); and chronic kidney failure (585.9). These comorbidities were observed in previous studies to be the most common conditions associated with cardiovascular surgery 14, 15 and may affect patient outcomes. Patient outcomes assessed included inpatient mortality, LOS, acute renal failure, postoperative myocardial infarction, atrial fibrillation, stroke, sepsis, and shock.
All statistical analyses were performed using Stata, version 13.0 (StataCorp, College Station, TX). Dichotomous and continuous variables were examined using chi-square and Student t-test analyses, respectively. Logistic regression analyses were applied to assess for GI complications and mortality to determine potential predictors for those outcomes. A p value of o 0.05 was set as significant.
Results
From the NIS dataset used for this study, a population of 182,688 adult patients (417 years old) was identified for both cardiac and abdominal aortic surgeries. Of these patients, 7,624 (4.17%) developed GI complications during their hospitalization. The mortality rate among patients who developed GI complications was 10.80% compared with 2.85% for those who did not develop GI complications. The rate of GI complications in cardiac surgery patients alone (without abdominal aortic repair) was 3.48%, with an associated mortality rate of 10.42%. In comparison, the abdominal aortic repair group alone had a GI complication rate of 14.58%, with an associated mortality rate of 12.41%.
The most common GI complication in the entire cardiac and vascular population was postoperative ileus (POI) (2.71%), followed by GI hemorrhage (0.52%) ( Table 1 ). The other GI complications that patients experienced were as follows, in descending order of incidence: pancreatitis (0.48%), mesenteric ischemia (0.31%), bowel obstruction (0.25%), acute cholecystitis (0.21%), and intestinal perforation (0.07%). The mortality rates for the different GI complications varied widely. Patients who developed mesenteric ischemia had the highest mortality, at 37.3% of those who developed this condition within the cardiac surgery population. The secondhighest associated mortality was intestinal perforation (31.7%), followed by GI hemorrhage (18.0%), acute cholecystitis (16.7%), bowel obstruction (12.6%), pancreatitis (9.6%), and finally POI (6.7%). Thus, whereas POI demonstrated the highest incidence, it also resulted in the lowest associated mortality. In contrast, mesenteric ischemia demonstrated the highest mortality but was lower in incidence. The patients in the entire population who developed GI complications were predominantly older (4 65 years old [67.84%]), mostly male (73.72%), and mostly Caucasian (79.64%) ( Table 2) . However, mortality rates after GI complication were higher among patients who were older (12.33% in 465-year-olds), female (15.67% v 9.12% in males), and Hispanic (13.68% v 10.97% in Caucasians). Among the risk factors, 50.83% of patients who developed GI complications also experienced an arrhythmia (50.8%), hypertension (44.8%), hypercholesterolemia (49.5%), diabetes (29.7%), and chronic lung disease (22.44%). In terms of outcomes in patients with these associated risk factors, mortality was highest in those with infective endocarditis (16.02%), followed by myocardial infarction (12.48%), arrhythmia (11.86%), and chronic lung disease (11.41%). When observing for procedures, the incidence of GI complications was highest with patients undergoing repair for abdominal aortic aneurysm (13.62%), followed by off-pump CABG (3.8%). However, mortality after GI complications was highest among patients who underwent valve repair (15.41%), followed by abdominal aortic repair (12.41%). Table 3 displays outcomes for patients with GI complications for the entire population. Overall mortality during hospitalization was 10.84%. The dataset demonstrated other associated postoperative complications in patients with GI complications. Of these, 41.05% also developed acute kidney injury, and atrial fibrillation was seen in 36.54%. The other less common postoperative complications for patients with GI complications were myocardial infarction (13.45%), sepsis (4.4%), and stroke (2.53%). Although the incidence of shock was only 1.64%, it was related to highest mortality (30.65%), followed by stroke (29.84%), acute kidney injury (20.86%), and sepsis (20.42%). The incidence of GI complications in subgroups is further depicted in Table 4 as row percentages. The highest percentage of GI complications was seen among age Z 65 (4.9%), males (4.5%), patients who had infective endocarditis as comorbidity (6.4%), and those undergoing abdominal aortic aneurysm repair (14.6%). Table 5 shows the rates of mortality in patients with GI complications. The percentage of mortality did not differ significantly among age groups; however, females had higher mortality (15.7%) compared with males (9.1%). The highest mortality was seen in patients with comorbidity of infective endocarditis (16%), those undergoing abdominal aortic repair (14.6%), and those who were diagnosed with mesenteric ischemia (37.3%) or intestinal perforation (31.7%). The odds of developing GI complications were analyzed for each patient demographic and pre-existing health conditions (Table 6 ). Older patients had higher odds of developing GI complications relative to 18-to 49-year-olds, with an odds ratio (OR) of 1.90 for Z 65-year-olds (p o 0.001). Males were more likely to develop GI complications; females had an OR of 0.69 (p o 0.001). The ORs of each race relative to Caucasians were similar, but notable differences were seen in African-Americans (OR 1.28; p o 0.001). Factors associated with higher odds of GI complications were chronic lung disease (OR 1.27; p o 0.001), infective endocarditis (OR1.63; o0.001), myocardial infarction (OR 1
The odds of mortality for those who developed GI complications also were analyzed (Table 7) . 
Discussion
In this nationwide population-based study from 2010 through 2012, the incidence of GI complications in CABG, valvular, and abdominal aortic aneurysm patients (collectively referred to as cardiac surgery patients) was found to be 4.17%. Although abdominal aortic aneurysm patients are not specifically cardiac surgery patients by definition, they share similar risk factors and postoperative complications to those in the cardiac surgery group. In addition, the aim of the study was to capture a majority of the cardiovascular intensive care population, which usually consists of both cardiac and abdominal aortic surgical patients who routinely are cared for by cardiovascular anesthesiologists. However, the rate of GI complications in cardiac surgery patients alone (without abdominal aortic repair) was 3.48%, with an associated mortality rate of 10.42%. In comparison, the abdominal aortic repair group alone had a higher GI complication rate of 14.58%, with an associated higher mortality rate of 12.41%. Previously, nationally representative data were used to establish the incidence of GI complications in cardiac surgery patients in only 1 study by Rodriguez et al who used the NIS data from 1998 to 2002 and included only patients undergoing CABG. 12 Although the study by Rodriguez et al used the NIS to analyze a similar study question, it should be noted that the NIS has changed over time in respect to data sampling and associated weights. In addition, in the study presented here, a different set of GI complications was included and was based on the most prevalent complications reported by recent literature, which expanded the cardiac surgery population to include valvular surgery and abdominal aortic repairs. As expected, in the study presented here, cardiac surgery patients with GI complications were demonstrated to experience a much higher inpatient mortality of 10.8% versus 2.85% in patients without GI complications, representing a more than 3-fold increase in mortality with GI complications. In addition, mean LOS for patients with GI complications was 18.54 days versus 9.67 days without GI complications.
Although the overall incidence of individual GI complications is very low, the rate of mortality for certain GI complications is significant. For example, the inpatient mortality rate of patients who developed mesenteric ischemia or intestinal perforation was as high as 37.34% and 37.71%, respectively. It is not surprising that older patients and emergency procedures were clearly associated with an increased risk of developing GI complications after cardiac surgery. These factors have been reported previously as important risk factors for GI complications. 16, 17 Female sex is a known risk factor for mortality after CABG 18 ; risk models, such as EuroSCORE 18 and the German CABG score, 19 include female sex as a variable for adverse outcomes. Although the authors are unable to explain the sex difference in GI complications, a possible explanation might entail pathophysiologic conditions such as hormonal dysfunction, menopausal changes, and genetic influence. 20 Similarly, the higher incidence in Hispanics cannot be explained.
Among the risk factors, 50.83% of patients who developed GI complications also experienced an arrhythmia. Patients with arrhythmias, especially atrial fibrillation, also are predisposed to thromboembolic phenomenon, which might explain GI complications such as mesenteric ischemia 21 ; in addition, a large number of these patients undergo anticoagulant therapy, which may increase the risk for GI hemorrhage. Hypertension was seen in 44.8%, which also may increase the risk for GI bleeding. However, mortality was highest in those with infective endocarditis (16.02%), followed by myocardial infarction (12.48%), arrhythmia (11.86%), and chronic lung disease (11.41%). Because most GI complications likely can be related to postoperative splanchnic hypoperfusion via hypotension and thromboembolic phenomena, it is not a surprise that the aforementioned risk factors would lead to significant GI complications and worse patient outcomes. 10 When observing for procedures, the incidence of GI complications was highest (13.62%) in patients undergoing repair for abdominal aortic aneurysm, which is not a surprise because open aortic repair procedure often requires intraabdominal manipulation of organs, which is known to cause complications such as ileus, obstruction, and perforation. Among the cardiac surgery patients, off-pump CABG demonstrated the highest incidence of GI complications (3.8%). This previously was shown by Mack et al, who found a higher incidence of GI complications after off-pump versus on-pump CABG. 22 However, mortality after GI complications was highest among patients who underwent valve repair, followed by abdominal aortic repair. Previous studies have found combined CABG and valvular surgeries to be associated with an increased incidence of GI complications and associated mortality, 23 which possibly could be related to prolonged pump time. Because the authors could not distinguish whether patients undergoing valvular surgery also were undergoing CABG, they could not assess whether this effect of increased mortality was limited to combined CABG and valvular surgery patients or whether undergoing valvular surgery was associated with an increased risk on its own.
Although in-hospital mortality is high in patients with GI complications compared with those without these complications, the authors aimed to assess for other complications possibly developing in these patients that may have accounted for the significantly worse outcomes. Acute kidney injury was the most prominent complication, which also is strongly associated with hypoperfusion. However, the highest mortality occurred in patients who experienced shock, stroke, acute kidney injury, and sepsis. Each of these physiologic derangements is consistent with a malperfusion state, although the mechanism of the specific end-organ damage may be variable. Furthermore, each of these diagnoses commonly is known to be associated with increased mortality in general, let alone in cardiac and/or vasculopathy patients.
This study had many limitations inherent to retrospective studies and research designs using administrative databases. The NIS database depends on nonclinical administrative staff for coding the data, which may lead to miscoding or incomplete data. These errors cannot be verified because all data available in NIS is deidentified. In addition, NIS does not include access to a patient's charts, laboratory data, or other clinical information that may be relevant to assessing the severity of comorbidities or complications. The lack of information, such as the duration of cardiac bypass pump and off-pump technology, limits the use of crucial clinical variables. Pharmaceutical treatments also are unavailable and further limit the analysis. However, the study had its strengths in the large number of patients available for review. This population-based analysis effectively avoids selection bias by including the entire national population for review, which makes the study of rare complications such as GI complications in cardiac surgery possible. It also allows for the comparison of the results on the incidence and trends from previous years.
In conclusion, GI complications after cardiac surgery were demonstrated to have an incidence of 4.17%. Because there has been a documented shift toward increased age and more comorbid factors among patients undergoing cardiac surgery, it would have been expected that the incidence of GI complications and mortality would have increased. 24, 25 GI complications after cardiac surgery were associated with a more than 3-fold increased inpatient mortality and more than doubled LOS compared with cardiac and abdominal aortic surgeries patients without GI complications. Logistic regression analysis identified the following predictors for the development of GI complications after cardiac surgery: age Z65, male sex, African-American race, chronic lung disease, infective endocarditis, myocardial infarction, arrhythmia, and undergoing an abdominal aortic repair. Among CABG patients, those undergoing off-pump procedures had a higher incidence than the on-pump group (consistent with prior studies). In-hospital mortality in this group was associated with the following: age Z 65, female sex, Hispanic race, myocardial infarction, and abdominal aortic repair or valvular procedure. Among patients with GI complications, other postoperative complications such as acute kidney injury, shock, or stroke predominantly led to higher mortality.
The improved recognition and understanding of the predisposing risk factors and complications elucidated here could serve to increase the necessity for timely diagnosis and treatment of patients at high risk for GI complications after cardiac surgery. Recent studies also recommended routinely using prophylactic acid suppression in patients after cardiac surgery to reduce the risk of GI bleeding. 26 However, close surveillance for early diagnosis and aggressive treatment of these complications likely will benefit patients with risk factors. 27 Additional prospective studies evaluating preventative strategies for the occurrence of GI complications in this patient population also should be considered.
